DAMPING FORCE- VARIABLE SHOCK ABSORBER 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[001] This application claims priority to Korean application No. 10-2003- 

0032488 and 10-2003-0068678, filed on May 22, 2003 and October 2, 2003 

respectively, the disclosures of which are incorporated fully herein by reference thereto. 

FIELD OF THE INVENTION 

[002] The present invention relates to a shock absorber for use in suspension 

system of a vehicle, and more particularly, to a damping force-variable shock absorber. 

BACKGROUND OF THE INVENTION 

[003] Shock absorbers and springs are components of a vehicle's suspension 

system. Together they absorb some of the shock transmitted from the vehicle's wheels 
and dampen, in advance, the expansion vibration of the springs in order to provide a 
comfortable ride to the vehicle's occupants. 

[004] The running condition of the vehicle changes according to variable 

factors such as road surfaces, vehicle speeds, steering conditions and the like. As a 
result, suspension systems having different characteristics are inevitably needed to meet 
the variable running conditions. In order to provide a suspension system capable of 
meeting the various running conditions, it is desirable to have a shock absorber capable 
of properly changing the damping force in relation to varying running conditions of the 
vehicle. 
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SUMMARY OF THE INVENTION 

[005] Embodiments of the present invention provide a damping force- variable 

shock absorber simple in construction and variable in damping force in relation to 
running conditions of a vehicle, thereby embodying characteristic changes of 
suspension systems required in various running conditions of a vehicle in a reasonable 
cost. 

[006] In preferred embodiment of the present invention, a damping force- 

variable shock absorber comprises a piston rod having a proximal end and a distal end 
mounted for linear movement inside a cylinder and an orifice valve plate having a 
plurality of valve holes intermittently formed along a circle about the piston rod and 
secured at the piston rod. A rotary valve plate is mounted with a plurality of radially 
protruding protruders or projections about the piston rod. The rotary valve plate is 
rotatably disposed with respect to the piston rod and the orifice valve plate, with the 
rotary valve plate near the orifice valve plate. The rotary valve plate has a first rotating 
state with respect to the orifice valve plate wherein each of the valve holes define a first 
opening. The rotary valve plate has at least a second rotating state with respect to the 
orifice valve plate wherein each of the valve holes define at least a second opening 
different than the first opening. A guide means is mounted between the rotary valve 
plate and the cylinder so that rotating state of the rotary valve plate relative to the orifice 
valve plate can be varied between the first and second rotating states. 
[007] The piston rod is preferably secured to a vehicle body, and the shock 

absorber may further comprise a rotation restriction means for restricting rotary 
movement of the piston rod relative to the vehicle body. The rotation restriction means 
is preferably mounted between the piston rod and the vehicle body. At least a portion of 
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the piston rod preferably defines a circular cross-section and the rotary restriction means 
may comprise a key contact surface formed at the distal end of said piston rod. In a 
preferred embodiment, each of the plurality of valve holes are substantially long and 
circularly arc-shaped. 

[008] Preferably, the projections of the rotary valve plate are arranged at a 

substantially equal interval along a circle about the piston rod. Even more preferably, 
the projections are substantially fan-shaped. In a preferred embodiment, the shock 
absorber further comprises a bearing interposed between the rotary valve plate and the 
piston rod. A snap ring may be engaged with the piston rod for preventing the linear 
movement of the rotary valve plate along the piston rod. The piston rod may further be 
provided with a piston valve having an orifice and a disc. 

[009] In a preferred embodiment, the guide means may comprise a protruder 

or a tip formed on at least one of the projections of the rotary valve plate and a plurality 
of guide grooves formed at an inner wall of the cylinder. In addition, the tip may be 
engaged with at least one of the guide groove. The plurality of guide grooves may have 
at least one straight section formed in parallel along a longitudinal direction of the 
cylinder and at least one curved section formed along a longitudinal direction of the 
cylinder. In another preferred embodiment, the guide grooves may comprise a first 
straight section formed in parallel along a longitudinal direction of the cylinder and at a 
longitudinal midsection of the cylinder. In addition, the guide grooves may include an 
incline section formed along and inclined relative to the longitudinal direction of the 
cylinder, the incline section preferably vertically extending under and above relative to 
the first straight section. Moreover, the guide grooves may include a second straight 
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section formed in parallel along the longitudinal direction of said cylinder, extending 
under and above relative to said incline section. 

[0010] Preferably, the orifice valve plate may include a ring-shaped cushion 

part made of cushioning material, the cushion part extending distally. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] For fuller understanding of the nature and objects of the present 

invention, reference should be made to the following detailed description taken in 
conjunction with the accompanying drawings in which: 

[0012] FIG. 1 is a schematic drawing of a damping force-variable shock 

absorber according to the present invention; 

[0013] FIG. 2 is a schematic drawing of a piston valve and an orifice valve plate 

mounted to a piston rod according to the present invention; 

[0014] FIG. 3 is a schematic drawing of a rotary valve plate according to the 

present invention; 

[0015] Fig. 4 is a schematic drawing of a cylinder according to the present 

invention; 

[0016] FIG. 5 is a perspective cross-sectional view of the cylinder of FIG. 4; 

[0017] FIG. 6 is a cross-sectional view of the cylinder of FIG. 4; 

[0018] FIG. 7 is a partial perspective view of the distal end of the piston rod of 

FIG. 2; 

[0019] FIG. 8 is a schematic view of the rotary valve plate of FIG. 3 mounted to 

the piston rod of FIG. 2; 
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[0020] FIGS. 9 and 10 are schematic drawings showing the operational states of 

the damping force-variable shock absorber of FIG. 1; 

[0021] FIG. 1 1 is a partially exploded perspective view of the rotary valve plate 

of FIG. 3 with the orifice valve plate of FIG. 2 mounted with a cushion part; 
[0022] FIG. 12 is a perspective view of the assembled orifice valve plate 

mounted with a cushion part and rotary valve plate of FIG. 12; 

[0023] FIG. 13 is a schematic view a cylinder with a guide groove according to 

another embodiment of the present invention; and 

[0024] FIG. 14 is a cross-sectional view a shock absorber according to another 

embodiment of the present invention with the cushion part, the orifice valve plate and 
the guide groove of FIGS. 11 to 13. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] Hereinafter, preferred embodiments of the present invention will be 

described in detail with reference to the accompanying drawings. 
[0026] Shown in FIG. 1 is an illustrative embodiment of a damping force- 

variable shock absorber according to the present invention, wherein a piston rod 3 is 
located inside cylinder 1 for relative linear movement with respect to one another. The 
piston rod 3 is mounted with a plurality of parts, described in greater detail below, and 
the cylinder 1 is filled with an operational fluid (not shown). 
[0027] As shown in both FIGS. 1 and 2, the piston rod 3 is mounted with a 

piston valve 5. Piston valve 5 may be equipped with an orifice and a disc as is known in 
the art with respect to conventional shock absorbers. An orifice valve plate 9, 
preferably located substantially near to and distal of the piston valve 5, may be equipped 
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with a plurality of valve holes 7 intermittently formed along a circle about the piston rod 
3. Orifice valve plate 9 is preferably secured so as to prevent both rotatable and linear 
movement relative to the piston rod 3. 

[0028] The valve holes 7 are preferably long and circularly-arc shaped. The 

valve holes 7 are preferably arranged at an equal interval along a circle about the piston 
rod 3 relative to one another. The rotary valve plate 13 is mounted in a rotatable state 
relative to the piston rod 3. Rotary valve plate 13 may be further equipped with a 
plurality of radially protruding protruders or projections 11, as shown in FIG. 3, about 
the piston rod 3 for varying the openness or size of the openings of the valve holes 7 due 
to the relative rotation of the orifice valve plate 9. 

[0029] The projections 1 1 of the rotary valve plate 13 are arranged at an equal 

interval along a circle about the piston rod 3, and are substantially fan-shaped. The 
rotary valve plate 13 may be secured to the piston rod as is shown in FIG. 8. A bearing 
15 is interposed between the rotary valve plate 13 and the piston rod 3, and the piston 
rod 3 is mounted with a snap ring 17 for preventing the linear movement of the rotary 
valve plate 13 along the piston rod 3. 

[0030] Between the rotary valve plate 13 and the cylinder 1, there is disposed 

guide means for varying the rotating state of the rotary valve plate 13 relative to the 
orifice valve plate 9. Referring now to FIGS. 3 and 4, the guide means may include a 
protruder or tip 19 mounted and/or integrally formed at the projection 1 1 of the rotary 
valve plate 13 and a guide groove 21 formed at an inner wall of the cylinder 1. The tip 
19 is to be inserted into guide groove 21. As illustrated in FIG. 6, the guide groove 21 
preferably includes a straight section 23 formed in parallel along the longitudinal 
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direction of the cylinder 1 and a curve section 25 curvedly formed along the 
longitudinal direction of the cylinder 1. 

[0031] The curved section 25 is preferably arranged underneath the straight 

section 23 when the cylinder 1 is mounted to a vehicle. The curved section 25 is 
configured so that as the tip 19 moves along the curved section 25 of the guide groove 
21, the rotary valve plate 13 is slowly rotated relative to the piston rod 3. 
[0032] Preferably the piston rod 3 is secured to a vehicle body and the cylinder 1 

is fixed to a knuckle where the steering wheel is mounted (not shown) as is understood 
in the art. The piston rod 3 is preferably rotationally restrained or restricted in relation 
to the vehicle body by a rotation limiting means. In a preferred embodiment, the 
rotating limiting means comprises a key contact surface 27 at a distal end of the piston 
rod 3 having a circular cross-sectional view as illustrated in FIG. 7. 
[0033] In one configuration, for example, a key hub may be provided and 

configured such that a flat key can be inserted into a space between the key contact 
surface 27 of the piston rod 3 and the key hub, whereby the rotating movement of the 
piston rod 3 can be restricted relative to the vehicle body. The structure and manner in 
which the cylinder 1 may be coupled to the knuckle may be substantially the same as 
that known in the art. The cylinder 1 may be mounted for example, by a knuckle 
bracket encompassing a peripheral surface of the cylinder 1. The knuckle bracket may 
then be secured to a knuckle via a bolt. This structure prevents relative rotation between 
the cylinder 1 and the knuckle. Any steering motion of the knuckle is transmitted to 
rotational movement of the cylinder 1 thereby generating a relative rotation between the 
piston rod 3 and the cylinder 1. 
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[0034] The construction as described above comprising the cylinder 1, hydraulic 

fluid, the piston rod 3 and a plurality of parts mounted at the piston rod 3 functions as a 
shock absorber capable of a variable damping force. In an alternative embodiment, the 
shock absorber structure may have both an inner cylinder and an outer cylinder wherein 
the inner cylinder is configured as cylinder 1 described above thereby providing a shock 
absorber capable of variable damping force. 

[0035] The damping force-variable shock absorber may exercise damping force- 

variable operations according to at least two operational states (one is a steered traveling 
state and the other is a straight traveling state). In the steered traveling state, a damping 
force- variable operation is provided according to changes of steering angle. 
[0036] In the straight traveling state, the rotary valve plate 13 may be positioned 

relative to the orifice valve plate 9 such that the plurality of valve holes 7 are opened to 
a maximum, as shown in FIG. 9. When the steering angle is changed, rotation of the 
knuckle transmits rotation to the cylinder 1. The cylinder 1 in turn comes to rotate the 
rotary valve plate 13 via the guide groove 21. The orifice valve plate 9 is preferably 
fixed to the vehicle body via the piston rod 3. Accordingly, as shown between FIGS. 9 
and 10, the relative rotation between the orifice valve plate 9 and the rotary valve plate 
13 reduces the degree of the openness or size of the opening defined by the valve holes 
7. 

[0037] The degree to which the opening of the valve holes 7 is reduced is 

proportional to the size of the steering angle. As a result, the shock absorber can 
provide a strong damping force in response to an increased steering angle and thus a 
stable turning condition for the vehicle. Accordingly, in the straight traveling state, the 
weak damping force provides for a soft riding condition of the vehicle. 
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[0038] In addition or alternatively to, the damping force may be variable during 

the straight running state. When a knuckle rises in response to sudden bad road 
conditions during the straight travelling state of the vehicle so as to raise the cylinder 1, 
the tip 19 of the rotary valve plate 13 mounted at the piston rod 3 moves from the 
straight linear section 23 of the guide groove 21 to the curved section 25. Within the 
curved section 25, the rotary valve plate 13 rotates, to thereby reduce the openness of 
the valve holes 7 at the orifice valve plate 9 as comparatively illustrated in FIGS. 9 and 
10. 

[0039] As a result, even when the vehicle's wheels are significantly raised 

during the straight traveling state, the shock absorber according to the present invention 
can provide an accordingly varied damping force automatically to provide an improved 
comfortable ride. 

[0040] In addition to the embodiment of the present invention as described, a 

marginal portion of the orifice valve plate 9 may be coupled with a ring-shaped cushion 
part 10 made of cushioning material, the cushion part 10 being protruded upwards 
relative to the shock absorber as illustrated in FIGS. 1 1 and 12. The knuckle is thereby 
lowered to cause the cushion part 10 to function as a kind of cushioning stopper, thereby 
enabling to alleviate the shock or impact transmitted to a vehicle body via the shock 
absorber. 

[0041] FIG. 13 is a schematic view for illustrating another embodiment of a 

guide groove of cylinder 1. The guide groove 21 includes a first straight section 29 
formed in parallel at a longitudinal midsection of cylinder 1. An incline section 30 
slantly is formed along a longitudinal direction of the cylinder and vertically extends 
from under and above the first straight section 29. A second straight section 31 extends 
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from under and above the incline section 30 and is formed in parallel along a 
longitudinal direction of the cylinder 1. 

[0042] Fig. 14 illustrates a shock absorber coupled with the orifice valve plate 9 

equipped with the cushion part 10 shown in Figs. 11 and 12 and the cylinder 1 having 
the guide groove 21 illustrated in Fig. 13. 

[0043] The shock absorber shown in Fig. 14 acts in the same principle as that of 

the afore-mentioned shock absorbers. 

[0044] The degree to which the valve holes 7 are open at the orifice valve plate 

9 is decreased to gradually increase the damping force as the tip 19 at the rotary valve 
plate 13 moves from the first straight section 29 to the incline section 30 in response to 
vertical movement of the knuckle. 

[0045] When the vertical movement of the knuckle is further increased to 

prompt the tip 19 of the rotary valve plate 13 to pass the incline section 30 and to move 
to the second straight section 31, openings of the valve holes 7 at the orifice valve plate 
9 may be substantially closed and preferably be completely closed. Under these 
circumstances, the shock absorber acts as a kind of a hydraulic spring. 
[0046] When the tip 19 of the rotary valve plate 13 is moved to the second 

straight section 31 such that the tip 19 is positioned at an upper side of the cylinder 
1 ,and when the cylinder 1 further descends by leak of operational fluid between the 
orifice valve plate 9 and the rotary valve plate 13, the cushion part 10 disposed at the 
marginal area of the orifice valve plate 9 contacts an inner upper wall of the cylinder 1 
to act as a cushion, thereby reducing the shock transmitted to the vehicle body via the 
shock absorber. 
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[0047] As apparent from the foregoing, an advantage in the damping force- 

variable shock absorber according to the present invention is that the damping force- 
variable shock absorber is simple in construction and provides a variable damping force 
in response to variable running conditions of a vehicle, such as turning of the vehicle, 
bad road condition and the like. The damping force-variable shock absorber according 
to the present invention may thereby provide a suspension system with the desired 
variable characteristics to respond to the various operating conditions of the vehicle at a 
reasonable cost. 
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